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Abstract
A moldboard plow implement includes an elongated tool bar and several moldboard plow units, each plow
unit including a plow bottom and a plow bottom support frame connected to the tool bar for pivotal
movement about a pivot axis situated in vertical alignment with the point of the respective plow bottom. The
plow units are pivotally moved in unison in response to the plowing speed to maintain the specific plow
resistance constant for all tractor speeds.
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[57] ABSTRACT 
A moldboard plow implement includes an elongated 
tool bar and several moldboard plow units, each plow 
unit including a plow bottom and a plow bottom sup-
port frame connected to the tool bar for pivotal move-
ment about a pivot axis situated in vertical alignment 
with the point of the respective plow bottom. The plow 
units are pivotally moved in unison in response to the 
plowing speed to maintain the specific plow resistance 
constant for all tractor speeds. 
4 Oaims, 9 Drawing: Figures 
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METHOD AND APPARATUS FOR CONTROLLING 
THE APPROACH ANGLE OF A PLOW UNIT IN 
RESPONSE TO SPEED VARIATIONS 
SUMMARY OF THE INVENTION 
the tongue 14 is adapted for connection to the lift arms 
17 of the usual tractor three-point hitch. The rear end of 
. the beam 13 is supported on a transport wheel 18 rotat-
ably connected to the frame by a steerable wheel sup-
S port mechanism 19 which is vertically adjustable in 
response to operation of the lift Bl1'lllS 17 to regulate the 
The moldboard plow implement of the present inven- depth of plowing. 
tion provides for the automatic adjust~ent of the ap- Pivotally supported on the beam 13 at longitudinally 
proach ~gle of the plow bc;>ttoms m response to spaced positions are a plurality of moldboard plow units 
changes ~ the speed of plowmg whereby the draft 10 21a, 21b and 21c, respectively, illustrated as three in 
force reqwre~ to pull the plow and ~he s~ape of the number. The forward ends of the plow units are pivot-
furrow.s remam .generally constant. LikewiSe, the fur- ally connected to the main beam 13 for lateral pivotal 
r?w Width remams cons~t for all ap~roac~ angl~ set- movement of the rear ends thereof. Since all of the plow 
tings of the PI?~ ~otton~ smce. the vertic~ pivot~ for units are similar in construction and operation, only the 
each plow ~t 1S m verttcal alignment Wit~ the pomt of 15 forward unit 21a will be described in detail with like 
the resJ?ective plow bottom .. The comb~ed ele~tro- numerals referring to like parts of each. 
hydraulic control system which ~utomattcally adjusts The moldboard plow unit 21a is shown in FIG. 2 as 
the. a~proach angle_ of the plows m r~ponse to speed including a plow bottom 22 supported on the lower end 
vanations accomJ?hshes a du~ function, namely, to of an upright standard 23 which is welded as at 24 to the 
reduce the _draft mcrease at. higher speeds and, con- 20 lower side of a pivotal support frame 26. Support frame 
versely, to mcrease the specific pressur~ on the plow 26 includes upper and lower elongated steel plates 27 
bottoms at slower speeds where scourmg may be a d 28 ti 1 ·r d b db 1 th problem. The operator, therefore, need only manually an . b' res~; ~e y, postt~ne a ove :m e ow _e 
adjust the approach angle for a desired speed on a ftrst mam eam ' so respc:;cttveir•· and pivoted at therr 
pass through the fteld to adjust the control system to 25 forward ends on an upnght pivot shaft 29 extended 
accommodate particular soil conditions. The variable through a support bracket 31 (Fl?S. 1 and 2) on the 
approach angle plow implement is readily adaptable for front of the beam 13. ~e oppostte . rear en~s of the 
use with both small and large tractors. plates 27 an? 28, respectively, :n-e ptvotally mtercon-
nected by a linkage 32 and securmg bolts 33 for concur-
BRIEF DESCRIPTION OF THE DRAWINGS 30 rent pivotal movement. 
FIG. 1 is a perspective view of the moldboard plow Plow standard ~3 has an upper p~rtion 34 projec!ed 
implement of the present invention in assembly relation forwardly of the ptvot shaft 29 for pivotally supportmg 
with a farm tractor· the fork 36 of a disc coulter 37. Note that the axle 38 for 
FIG. 2 is an enl~ged side elevational view of one of the:; coulter 37 is positioned directly. above the fro~t 
the plow units of the invention as seen on line 2-2 in 35 pomt 39 of the plow bottom 22. It will also be seen m 
FIG. 1· ' FIG. 2 that the vertical pivot axis, indicated at 40, ex-
FIG: 3 is a top plan view of the moldboard plow tends through the p_ivot shaft 29 and the plow point 39 
implement showing the changed positions of the plow for a purpose descnbed below. . 
units corresponding to approach angles of thirty ftve Because each of the moldboard plow umts 21a, 21b 
degrees and twenty degrees for the plow bottoms; 40 ~d 21c are interco~ec~ed by the ~age ~2, ~hey ar~ 
FIG. 4 is a diagrammatic showing of the changed ~votally mo~able m umson fr~m therr so~td lme .~osi-
positions of the plow bottoms corresponding to the ttons s~own m FIG. 3 to therr dott~ ~ne positiOns 
approach angles of thirty-ftve degrees and twenty de- shown m the same ftgure. To effect this ptvotal move-
grees, illustrated in FIG. 3; ment of the plow units, there is provided a hydraulic 
FIG. 5 is a graph showing the contour of a furrow 45 ram 41 having one end pivotally connected to a support 
formed at various plowing speeds; br~cket 42 on th~ rear face of the be~ 13 at a ~osition 
FIG. 6 is an enlarged detail plan view of the adjust- adJacent the untt 22a and the oppostte end pivotally 
able potentiometer of the automatic control system for co~ected to the bolt 33 through the rear end of plow 
monitoring changes in the approach angle of the plow umt 21a. Thus, an operator need only actuate ram 41 to 
bottoms; so simultaneously adjust the pivotal positions of the plow 
FIG. 7 is an enlarged detail view, partially in section, units relative to the beam 13. 
showing the plow wheel driven generator of the auto- FIG. 4 illustrates diagrantmatically the position of the 
matic control system; plow bottoms 2~ when the plow units are pivotally 
FIG. 8 is a schemmatic drawing of the hydraulic moved to the solid and dotted line positions of FIG. 3. 
circuit of the invention; and 55 The width of cut, indicated at Win FIG. 4, between the 
FIG. 9 is a schemmatic drawing of the electrical bottoms 22 remains uniform or unchanged for all piv-
control circuit of the invention. oted positions of the plow bottoms 22. This is because 
DETAILED DESCRIPTION OF THE 
INVENTION 
the vertical pivot axis 40 for each plow unit is in vertical 
alignment with a respective plow !POint 39, as illustrated 
60 by the line 40 in FIG. 2. However,, since the bottoms are 
. The moldboard plow implement of the present inven- pivoted about their respective axes 40, their approach 
tion, indicated generally at 10, is shown in FIG. 1 in angles change relative to the ground being plowed. The 
assembly relation with a usual farm tractor 11. Imple- approach angle is that angle between the share or cut-
ment 10 includes a generally y-shaped frame 12 having ting edge 43 at the front of a plow bottom and the direc-
an elongated tubular tool bar or main beam 13 with an 65 tion of travel, indicated at 44 in FIG. 4. Thus, the solid 
elongated tongue structure 14 extended forwardly from line positions of the plow bottoms 22 in FIG. 4 corre-
a medial portion of the beam 13 for connection in a spond to an approach angle of 35•, indicated by angle a, 
trailing relation with the tractor 11. The forward end of and the dotted line positions, more aligned with the 
3 
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direction of travel, corresponding to a decreased ap- in the range of 0 to 12 volts, which is therefore always 
proach angle of 20•, indicated by angle b. less than the battery voltage. The negative voltage from 
The structure thus far described for varying the ap- the generator 52 and positive voltage from the potenti-
proach angle of the plow bottoms 22 enables this single ometer 57 are tied to opposite ends of a potentiometer 
implement to be readily adapted for use at various 5 64 wherein the signals are algebraically added to pro-
plowing speeds under different soil conditions. FIG. 5 duce a differential voltage signal which is then ampli-
illustrates the problem of using a standard fixed plow fied to control one of the solenoids in a double acting 
bottom for other than a predetermined plowing speed hydraulic valve 107 (FIG. 8) for actuating ram 41. Po-
of about four miles per hour. When a plow bottom is tentiometer 64 has an arm 66 for adjusting the desired 
moved through the soil it forms a furrow having an 10 approach angle/speed ratio in accordance with the 
inner wall 46, a bottom surface 47 and a generally up- particular soil conditions of a field, as will be described 
right outer wall 48 formed by the soil inverted by the below. 
plow bottom. If the approach angle remains constant If the approach angle is at the correct setting for a 
and the plowing speed is increased to 6.2 miles per hour given plowing speed, the negative and positive voltage 
and then to 8 miles per hour, the soil is thrown laterally, 15 signals from the generator 52 and potentiometer 57, 
to the right in FIG. 5, with greater force thereby pro- respectively, will cancel out one another so as to pro-
ducing a wider and flatter furrow as indicated by lines duce no differential voltage in the potentiometer 64. If 
49 and 51, respectively. Thus, tractor power is wasted the plowing speed is varied, however, the positive and 
by the energy consumed in forming the wider furrows. negative voltage signals will be unequal, thereby result-
The increased lateral throwing of the soil with in- 20 
creased speed is caused by an increase in the lateral ing in a differential voltage signal which is transmitted 
component of the forces acting on the plow bottom. by line 67 (FIG. 9) to the input of a pair of dual opera-
This lateral component affects the side thrust on the tional amplifiers 68 and 69. The amplifiers 68 and 69 are 
plow, the scouring action of the plow bottom and, as connected to ground, as at 71 and 72, respectively, and 
shown in FIG. 5, the type of furrow shape produced. 25 each amplifier is provided with a variable feedback 
When a constant lateral force on the plow bottom can circuit 73 and 74, respectively, for the purpose of ad-
be maintained, the plow can be operated at high or low justing. the gain of !he re~pectiv.e amplifiers. Power for 
speeds while maintaining a uniform scouring action and operatmg t.he amplifiers IS provide~ ~y the tractor bat-
constant furrow shape, without any substantial increase tery 60 which. also serves as the positiVe volta~e sour~e 
in draft. This is accomplished by altering the approach 30 for the p~tentl<:~meter ~7. Although the ~e differential 
angle of the plow bottoms with the above described voltage signal IS apphed to both amplifi~rs 68 and. 69, 
structure of the present invention. By visually observ- the output of each IS not the same. Operat~onal amplifier 
ing the shape of the furrows, the plow operator can 68 has. the same .sense on output as o? mput whereas 
manually actuate ram 41 to increase or decrease the operation~ ampbfier ~9 has ~he OPP_?Site sense <;>n ou~-
approach angle in response to plow speed variations to 35 put.~ on mput. !bus, If th~ different~ voltag~ ~1gnal1S 
obtain the desired furrow space. positiV:e, operatl<~nal ampl~fier 68 wil~ go positive and 
To relieve the operator from continually varying the operational amplifier 69 will go negative. 
approach angle by visual observation of the furrow, an ~e output terminals 79 ~d 81 of the operational 
automatic control mechanism is provided to automati- amplifiers 68 and 69, respectively, are each connected 
cally vary the approach angle in response to the plow- 40 to an npn transistor 82 and 83, respectively. Referring 
ing speed. In FIG. 7, there is shown a generator 52 of specifically to transistor 82, an npn transistor is turned 
the DC type supported on the stationary wheel support on ~f the volta¥e a~ the base 84 is greater than that at t?e 
shaft 55 adjacent the transport wheel 18. A gear 53 on emitter 86 which IS connected to ground. Thus, transiS-
the generator shaft 54 is positioned in meshed relation tor 82 will be turned on only when the output of ampli-
with a gear 56 on the hub of the transport wheel18. The 45 fier 68 is positive. When that occurs, transistor 82 com-
generator 52, driven by the transport wheel 18, thus pletes a solenoid-actuating circuit which originates at a 
generates a voltage proportional to the plowing speed. twelve volt power source 87, such as the tractor battery 
The approach angle of the plow bottoms 22 is electri- 60, and extends through a single pole double throw 
cally monitored by a potentiometer 57 shown in FIGS. switch 88 and lines 89 and 91 to a relay coil 92 and 
3 and 6. A housing 58 for potentiometer 57 is pivotally 50 finally through transistor 82 to ground as at 93. Energi-
supported on the main beam 13 intermediate the plow zation of relay coil 92 closes a relay switch 94 to ener-
units 21a and 21b. An elongated gear rack 59 is pivotally gize a solenoid coil96 which forms part of the hydraulic 
connected at one end on a rear portion of the upper valve 107. A suppressor diode 97 is connected across 
plate 27 of the forward plow unit 21a as at 61 and is the coil 96 together with a lamp 98 which provides a 
slidably received at its other end within the potentiome- 55 visual indication that the solenoid coil96 is energized. It 
ter housing 58 is meshed relation with a gear 62 on the will be seen in FIG. 9 that the above described circuit 
potentiometer armature 63. Thus, pivotal movement of completed by transistor 82 is· duplicated for transistor 83 
the plow unit 21a effects a linear movement of the rack wherein there is included an opposite solenoid coil 99 
59 to rotate the armature 63 of the potentiometer 57. and wherein like numbers identify like elements of both 
The potentiometer 57 produces a voltage signal which 60 circuits. 
is inversely proportional to the approach angle of the Thus, if the differential voltage from potentiometer 
plow bottom 22. 64 is positive, operational amplifier 68 goes positive, 
Referring to the electrical circuit diagram of FIG. 9, thereby turning on transistor 82 and, subsequently, sole-
the generator 52 produces a - ve negative voltage rela- noid 96. If the differential voltage from potentiometer 
tive to ground and the potentiometer 57, which is con- 65 64 is negative, the output of operational amplifier 69 
nected in series with the 12 volt tractor battery 60, goes positive turning on transistor 83 and, subsequently, 
produces a +ve positive voltage relative to ground. solenoid 99. Hence, there is a separation and control of 
The generator is of a type to produce a negative voltage the two solenoids 96 and 99 that is dependent only on 
5 
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whether the differential voltage signal to the amplifiers eter 64 and the voltmeter 118. The circuits associated 
68 and 69 is in the + ve or - ve sence. with the amplifiers 68 and 69 are situated with the sole-
The hydraulic control circuit for operating ram 41 is noid controlled valve 107 on the tongue 14 as shown in 
shown in FIG. 8 wherein the pump 101 of the tractor FIGS. 1 and 3. The flow control valve 103 is mounted 
hydraulic system is connected through a manual shutoff S on the rear face of main beam 1:3 adjacent the ram 41. 
valve 102 to a flow control valve 103 which regulates To adjust the automatic control system for plowing 
the rate of fluid flow to control the operating speed of in different soil conditions, the manual/automatic con-
the ram 41. The flow control valve 103 is connected by trol switch 88 (FIG. 8) is moved to its manual position 
a fluid passage 104 to the inlet port 106 of a directional so that on the first pass through a field at a selected 
valve 107 which is operated by the solenoids 96 and 99. 10 plowing speed, the operator can manually adjust the 
Directional valve 107 is connected by fluid passage lines approach angle of the plow units with the manual oper-
108 and 109 to opposite ends of a cylinder .unit 111 of ating switch 121. By 'visually observing both the scour-
the ram 41. The outlet port 112 of directional valve 107 ing effect on the plow bottoms 22 and the shape of the 
is connected by a fluid passage 113 to a manual shutoff furrows being formed, the operator can determine the 
valve 114 for connection to the reservoir 115 of the 15 best approach angle for the selected speed. Thereafter, 
tractor hydraulic system. the manual/automatic control switch 88 can be moved 
Energization of solenoid 99 effects a movement of the to its automatic position so that the approach imgle will 
directional valve 107 to the right, as seen in FIG. 8, thereafter be automatically controlled without operator 
thereby effecting a fluid flow to the right end 116 of assistance. 
cylinder 111, as seen in FIG. 8, to retract ram 41 and 20 
thereby decrease the approach angle of the plow units The ideal setting of the approach angle for a given 
21a, 22b and 21c. Likewise, energization of solenoid 96 speed and soil condition is the minimum angle at which 
moves the directional valve 107 to the left, as shown in adequate scouring of the plow bottoms occurs. Gener-
FIG. 8, to effect a fluid flow to the opposite end 117 of ally, the higher the adhesion of the soil in relation to the 
cylinder 111 for extension of ram 41 and a resultant 25 cohesion of the soil, the greater the approach angle 
increase in the approach angle of the plow units. must be for scouring of the plow bottoms 22. Accord-
In operation, it the operator of the tractor increases ing~y, in soils wi~h higher adhesion characteristics, .it is 
the plowing speed, the generator 52 puts out a - ve desirable to obtam a greater approach angl~ at ~ gtv:en 
voltage with respect to ground which is greater than speed th~ wo~d be .set ~or the ~e s~eed m soils With 
the + ve voltage with respect to ground from the poten- 30 l~ss adheston. Ltkewtse, m a ce~ soil type where t.he 
tiometer 57, resulting in a negative differential voltage Side force. on the Pl?w .bottoms mcreases s~ly wtth 
signal to the operational amplifiers 68 and 69. Accord- spe~d, .a high reduct~on m the ap]p~oach angl~ ~ needed; 
ingly, the -ve differential voltage actuates operational while i~ anothe~ soil where the st~e force iS mc~eased 
amplifier 69 and solenoid 99 to effect a retraction of the only sltghtly wt!h speed, only a shght decrease m the 
ram 41 to decrease the approach angle ofthe plow units. 35 approach angl~ ts needed. . . 
The negative output of operational amplifier 68 fails to One embodtment of the prese~t mvent10n. was con-
actuate transistor 82 and solenoid 96. As the approach st~cted from a three-furr?w vers10n of a ~e~-~ounted 
angle is decreased by the ram 41, the armature 63 (FIG. Allts C~almers 2000 senes plow by ~hmmatmg the 
6) of potentiometer 57 is rotated to increase the + ve conv:entional plow standards and mountl:flg the bottoms 
voltage signal which opposes the -ve voltage signal 40 on pivotal support frames 28, as shown m FIGS. 1 and 
from the generator 52. When these two signals are equal 3. The landsides were removed from the individual 
and opposite, there is no differential voltage signal to ~low bottoms because, at any angle other than the de-
the operational amplifiers 68 and 69 and operational sign angle of 35•, they would not have been parallel to 
amplifier 69 shuts off. the furrow wall. For a sintilar reason, the part of the 
In the same way, a decrease in plowing speed effects 45 frog structure on the plow bottoms which is parallel to 
actuation of operational amplifier 68, transistor 82 and the furrow wall was repositioned at the same height and 
solenoid 96 to extend ram 41 and thereby increase the angle but 4 inches further away from the furrow wall. 
approach angle of the plow units. A voltmeter 118 The transport wheel at the rear of the implement was 
(FIG. 9) may be wired in parallel with the generator 52 moved 7 inches nearer the furrow wall to carry the side 
and calibrated in miles per hour (mph) to give the oper- 50 thrust. An extra tip was welded onto the front side of 
a tor a visual indication of the plowing speed. each share 43 for operation through a range of approach 
An optional manual control of the solenoids 96 and 99 angles. The electrical circuit included number 1458 
is provided by the single pole double throw switch 88 (dual 741) operational amplifiers, 2N 3055 transistors 
illustrated in FIG. 9. If the switch blade is moved into and standard five percent resistors. 
contact with the manual terminal119, a circuit is com- 55 It is evident in FIG. 8 that the ram 41 could alterna-
pleted from the power source 87 to another single pole tively be adapted for uses other than controlling the 
double throw switch 121 situated in the tractor cab for approach angle of a plow unit. For example, the ram 41 
convenient access by the operator. The switch blade could be operatively connected to a flow control valve 
122 of switch 121 may be moved into contact with of a sprayer unit for adjusting the spray rate or feed rate 
terminal 123 to complete a circuit through line 124 60 of such a unit in response to the forward speed of the 
directly to the solenoid 96 for extending ram 41. Like- sprayer unit. 
wise, switch blade 122 may be moved into contact with Although the invention has been described with re-
terminal 126 to complete a circuit through line 127 spect to a preferred embodiment thereof, it is to be 
directly to the solenoid 99 to retract the ram 41. understood that it is not to be so limited since changes 
Accordingly, certain elements of the electrical circuit 65 and modifications can be made therein which are within 
of FIG. 9 are situated within the tractor cab for access the full intended scope of this invention as defined by 
by the operator, namely, the manual/automatic control the appended claims. 
switch 88, the manual operating switch 121, potentiom- We claim: 
7 
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1. A variable approach angle moldboard plow imple-
ment for forming furrows of a predetermined width 
including an elongated tool bar connectible to a tractor, 
comprising: 5 (a) a plurality of moldboard plow units, each com-
prising a plow bottom having a forward point and 
a pivoted plow bottom support frame, said plow 
bottom forming an approach angle with the line of 
travel of said implement, 10 
(b) means for pivotally connecting said support 
frames to the tool bar at longitudinally Spaced posi-
tions for pivotal movement of the plow units about 
respective pivot axes arranged in vertical align- 15 
ment with the forward points of the respective 
plow bottoms, 
(c) means interconnecting adjacent plow units for 
pivotal movement in unison, 
(d) power means associated with said plow units for 20 
pivotally moving said plow units in unison relative 
to the tool bar and about said respective pivot axes 
to uniformly adjust the approach angles of the 
plow bottoms, whereby to maintain constant the 25 
width of the furrows formed by said plow units, 
and 
(e) means responsive to changes in tractor speed for 
actuating said power means to pivotally move said 
plow units in unison relative to the tool bar. 30 
2. A moldboard plow implement, according to claim 
1, wherein: 
(a) said power means comprises a linearly extendible 
and retractable hydraulic power unit pivotally 35 
connected at one end to a plow unit rearwardly of 
the pivot axis therefor at the opposite end thereof 
to the tool bar, and 
(b) said means responsive to changes in tractor speed 
for actuating said power means including: 40 
(l) an electrical circuit having 
(a) means for producing a first control signal 
proportional to the forward speed of the im-
plement, 45 
so 
55 
60 
65 
(b) means for producing a second control signal 
proportional to the approach angle of the 
plow bottoms, and 
(2) a hydraulic control circuit including: (a) a sole-
noid valve connectible with a source of hydrau-
lic pressure and with opposite ends of the hy-
draulic power unit, 
(3) said solenoid valve responsive to changes in the 
first control signal for directing fluid to one end 
of the hydraulic cylinder unit to pivotally move 
said plow units to changed positions and respon-
sive to changes in the second control signal to 
cut off the flow of fluid to said hydraulic cylin-
der unit to maintain the plow units in said 
changed positions. 
3. A method for uniformly plowing ground with a 
predetermined furrow width and at varying plowing 
speeds, comprising the steps of: 
(a) forming furrows with a plurality of plow units, 
(b) pivotally supporting each plow unit for pivotal 
movement about a vertical pivot axis arranged in 
alignment with the front point of the plow bottom 
of the plow unit to vary the approach angle of the 
plow bottom relative to the line of travel of the 
plow unit, 
(c) pivotally moving said plow bottoms about the 
pivot axes therefor to vary the approach angle 
thereof inversely with the plowing speed, and 
(d) maintaining the width of the furrows formed by 
the plow units constant as said plow units move 
along the line of travel thereof. 
4. The method for uniformly plowing ground at vary-
ing plowing speeds, according to claim 3, including the 
steps of: 
(a) producing a first signal indicative of the approach 
angle of the plow bottom, 
(b) producing a second signal indicative of the plow-
ing speed, 
(c) establishing a predetermined proportional rela-
tionship between said first and second signals, and 
(d) pivotally moving said plow bottom to adjust said 
first signal relative to said second signal in accor-
dance with said predetermined proportional rela-
tionship. 
* * * * * 
